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SUMMARY 


Kffects  of  Alcohol  on  Human  Performance  and  Sleep 


Tills  contract  supported  two  investigations  of  the  effects  of  alcohol  on 
humans.  The  primary  project  was  the  Investigation  of  the  effects  of  alcohol  on 
Information  processing  and  memory.  The  second  project  was  the  phase-out  of  our 
studies  of  the  effects  of  acute  and  chronic  alcohol  Ingestion  on  physiological 
sleep  patterns. 

The  long-term  goal  of  this  research  has  been  to  Increase  our  knowledge  of 
the  effects  of  alcohol  on  human  performance.  The  long-term  expectation  is  that 
analysis  of  the  effects  of  alcohol  on  Information  processing  tasks  will  reveal 
the  locus  of  alcohol  effects  on  the  different  hypothetical  cognitive  processes 
Involved  in  such  tasks.  Our  overall  approach  to  the  study  of  drugs  and  cognition 
has  been  to  test  the  acute  effects  of  the  drugs  on  cognitive  processes  that  can 
reasonably  be  assumed  to  be  required  for  the  execution  of  a broad  range  of  tasks. 

Once  a vulnerable  stage  is  identified,  we  have  attempted  to  confirm  the  result 
using  constructive  replications  and  additional  task-related  experimental  variables. 
Thus,  our  specific  aim  was  to  discover  drug  effects  that  could  be  generalized  to 
a broad  range  of  human  performance  tasks. 

Previous  stijdies  in  our  laboratory  (Tharp  et  al . , 1974)  and  by  Huntley  (1974) 
indicatc'd  that  a major  target  of  alcohol  was  the  information  processing  stage  of 
"response  selection".  Probably  included  in  this  stage  is  the  c>perat ion  of 
"st  imul  us-respotise  translation"  (Teichner  & Krebs,  1974).  Tlie  information 
processing  studies  conducted  under  this  contract  used  reaction  time  (RT)  procedures 
to  test  the  notion  that  alcohol  impairs  the  functioning  of  this  1 i mi t ed-c apac i t y 
translation  mechanism.  Alcohol  appears  to  impair  RT  in  every  low  (stimulus- 
response)  compatibility  tested:  (1)  with  unfamiliar  S-R  pairings,  (2)  with  spatially 

incompatible  responses  (Robinson  & Peebles,  1974),  and  (3)  with  high  translation 
load.  In  giMK  ral  these  experiments  indicate  that  alcohol  slows  RT  in  proportion 
to  the  stimulus-response  translation  load  imposed  by  the  task. 

The  stiuiii'S  of  alcohol  and  memory  were  targeted  on  the  possible  effects  of 
the  drug  on  organizational  processes,  retrieval  im'chanisms,  and  encoding  (depth 
of  processing).  The  tasks  included  free  recall  and  tests  of  recogn  i t i C'n . Ovi'rall 
the  data  suggested  t liat  organizational  or  assoeiat  ional  processes  in  long-term 
storage  were  part  i<ularly  vulnerable  to  alcohol  i ntoxi  c;tt  ion.  There  was  no 
evidence  to  support  the  notion  that  alcoliol  intoxication  impairs  memory  scanning. 

Ri>m(>  of  the  data  c.ug^gcst  td  that  retrieval  c>perations  may  be  vulnerable  to  intoxi«a- 
t ion,  but  the  i viilence  was  not  strong.  I.iki.wise  there  was  some  tvi<iiiice  that 
intoxicated  svibjects  apply  a more  slringint  iriterion  for  identifying  ijievioiisly 
presented  items  (inc  rinsed  g) . 

Studies  of  the  effects  of  acute  alcohol  on  sleep  patterns  of  47-63  y<?ar  old 
normal  m.ales  were  conducted  to  allow  comparison  with  age-mat  died  alcoholics.  Some 
inliancement  of  delta  sleep  was  seen  in  each  of  the  normals,  suggesting  that  the 
mechanisms  for  induction  of  delta  slcu'p  may  he  relativi'ly  intact  in  normal  ^;llhject  s 
up  to  adv.inci-cl  middle  age.  Alecdiol  failecl  to  potent  iate  del  t .a  sleep  in  onr  older 
chronic  a 1 cohcjl  i cs  . 
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Effects  of  Alcohol  on  Unman  Performance  and  Sleep 


I.  Studies  Focused  on  Information  Processing  (High  Accuracy  Procedures) 

Recently,  we  reported  the  results  of  a series  of  experiments  that 
examined  the  effects  of  alcohol  on  speed  and  accuracy  in  three  character- 
recognition  tasks  (Rundell,  Tharp,  Lester  and  Williams,  1973;  Tharp,  Rundell, 

Lester  and  Williams,  197M.  Stimulus  discrlminability , stimulus-response 
compatibility  (SRC),  number  of  stimulus-response  alternatives  (Ny^)  , stimvilus 
probability,  and  categorizing  requirements  were  varied  orthogonally  with  alcohol 
in  an  attempt  to  apply  differential  load  to  three  hypothesized  stages  of  informa- 
tion processing:  stimulus  preprocessing  (and  encoding),  stimulus  categorization 

and  response  selection  processes.  Examination  of  patterns  of  additivity  and 
interaction  among  these  experimental  variables  revealed  consistent  positive  inter- 
actions between  the  effects  of  alcohol  and  those  of  treatments  such  as  and  SRC, 
intended  to  influence  information  outputting  operations.  The  effects  of  stimulus 
discrlminability,  a treatment  directed  toward  stimulus  preprocessing  and  encoding 
processes  were  invariably  additive  with  those  of  alcohol  and  the  other  experimental 
variables.  We  concluded  that  in  simple  character-recognition  tasks,  alcohol  causes 
specific  impairment  in  information  outputting  operations,  such  as  those  involved 
in  response  selection.  Huntley  (1974),  employing  choice  reaction  time  (CRT) 
tasks,  and  similar  experimental  variables,  arrived  at  the  same  general  conclusion. 
Patterns  of  statistical  relationships  were  somewhat  different  in  the  two  sets  of 
experiments,  bvit  o\ir  studies  and  his  agreed  that  the  positive  interaction  between 
alcohol  a;.d  Na  increased  with  low  stimulus-response  compatibility.  These  results 
indicate  that  tasks  requiring  high-speed,  relatively  incompatihle  responses  to 
low-probability  stimuli  are  particularly  sensitive  to  alcoholic  intoxication. 

Our  perspectives  on  tiiis  work  have  changed  somewhat  after  reading  tlie 
excellent  analytical  review  of  visual  CRT  by  Teithner  and  Krebs  (1974).  For 
example,  their  quantitative  analyses  of  most  of  the  CRT  literature,  and  their 
own  experiments  on  simple  visual  RT  indicate  that  has  some  influence  on  each 
of  the  cognitive  stages  implicated  in  CRT.  Furthermore,  they  developed  a very 
(oiivincing  argument  that  the  hypothetical  component  processes  in  choice  ri’action 
time  should  imlude  a stimulus-response  translation  operation  (Tg_]^)  located 
between  t lie  stimulus  categorization  .uid  response  selection  stages.  Welford  had 
arrived  at  a similar  conclusion  in  1968.  Teichner  and  Krebs'  logical  analysis 
of  two  CRT  tasks,  Light-Key  and  Digit-Key,  derived  the  implication  that  the  latter 
task  contains  a requ i ri ment  for  translation  that  is  not  a component  process  of 
the  former.  The  Light  Key  task  is  a spatial  matching  task  in  which  both  the 
St  iriiuli  and  the  ri'Sponse  keys  are  ai  ranged  accoriling  to  the  sa'iie  1 ('f  t -t  o-r  ight 
position  code.  Once  the  signal  is  encoiied  by  position,  the  response  rule  is 
one-to-one.  in  the  Digit-Key  task,  however,  the  subject  must  first  encode  the 
nnnieral  , then  translate  from  numerical  to  position  code  by  a spatial  rule,  then 
select  the  ( orrect  motor  program  and  respond.  Once  the  translation  process  is 
conipleled,  the  response-selection  opi'r.ation  appears  to  be  idenlii'al  for  the 
two  taeks.  This  analysis  genei'ated  a precise  definil  ion  ot  incompal ibi 1 i ty 
between  stimulus  and  response.  That  is,  reiluced  compatibility  exists  whc*n 
the  task  requires  translation  from  one  to  another  coding  dimension.  These 
considerations  imply  that  most  SRC  treatments  ex»'rt  load  on  the  translation 
stage  rather  than  on  respf>nse -sel  ect  ion  processes.  Therefore,  the  posit  ive 
Interact  ion  between  the  effe<MS  of  al lohol  and  SRC  found  both  by  Huntley 
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and  ourselves  may  mean  that  cognitive  processes  associated  with  translation 
rather  than  with  response  selection  are  particularly  vulnerable  to  alcohol. 

A number  of  recent  experiments  have  shown  that  alcohol  has  a large  effect 
in  verbal  RT  paradigms  which  employ  visual  stimuli  (Moskowitz  and  Roth,  1971; 
Huntley,  197A;  Tharp  et  al.,  1974).  The  tasks  used  in  these  experiments  all 
require  a "visual-to-verbal"  translation  operation.  Since  translation  appears 
to  be  particularly  vulnerable  to  the  effects  of  alcohol,  we  decided  to  compare 
several  tasks  which  varied  primarily  in  their  "vlsual-to-verhal"  translation 
requirements,  but  which  held  response  selection  constant. 

The  stimuli  for  these  experiments  were  drawn  from  several  word-frequency 
categories  in  the  Thorndike-Lorge  Lists,  ranging  from  high  (100  or  more)  to  low 
(0. 9-0.1)  word  occurrences  per  million  words  of  written  text.  For  reasons  that 
will  become  apparent,  only  nouns  with  high  Imagery  properties  (confirmed  by 
pilot  studies)  were  selected. 

A.  _Exj)eriment  I:  Reading  ys.  Shadowlji^. 

The  first  experiment  described  here  attempted  to  vary  the  load  on 
translation  operations  while  holding  response  selection  constant.  The  two  tasks 
were  Word-Shadowing  and  Word-Reading.  In  Word-Reading,  word  stimuli  are  presented 
one-at-a-t ime  on  a central  display,  and  the  subject  reads  each  word  aloud  as  fast 
as  he  can.  Verbal  reaction  time  is  the  dependent  variable.  The  subject  miist  see 
the  word,  recognize  it,  translate  from  a visual  to  verbal  code,  select  the  correct 
iiKit or-speech  program  and  say  the  word.  Tn  Word-Shadowing  the  stibject  must  hear 
the  word,  recognize  it,  select  the  correct  motor  program  and  respond.  There  is 
no  apparent  translation  requirement. 

Since  apparently  Influences  all  of  the  component  processes  of  CRT  from 
stimulus  encoding  to  response  selection,  we  suspected  that  stimulus  probability, 
defined  by  word  frequency  (WF)  would  have  a main  effect  on  each  task.  Further- 
more, since  Word-Reading  contains  a translation  requiremc-nt  that  is  not  present 
in  Wo rd -Shadow i ng , wo  anticipated  a positive  interaction  between  the  effects  of 
task  and  WF.  N'ote,  however,  that  rapid  responding  to  visually  presented  words 
is  for  most  yoting  adults,  a familiar,  highly  practiced  task.  Thus,  the 
differential  load  on  translation  operations  between  the  two  tasks  is  probably 
sma 1 1 . 

With  response-selection  processes  equated  on  these  two  tasks,  we  can 
exaiiiine  tlie  differential  j-ffoct  of  alcoliol  on  translation  opi’rations.  We 
anticipated  a task  by  alcohol  interaction  effect.  The  combined  effects  of 
alcohol  and  WF  were  not  easily  predicted.  It  will  bo  recalled  that  the  size 
of  the  interaction  between  the  effects  of  alcohol  and  depends  on  the  level 
of  i ncf):;q)a  t i b i 1 i t y between  stimulus  and  response.  It  is  probable  that  the 
Word-Riading  t.isk  einiiloyed  hr-re  places  only  a moderate  load  on  translation 
operations.  rhus,  we  might  obsi'rve  only  a trend  toward  a three-way  interaction 
between  task,  WF  .and  alcohol. 

A group  of  24  young  males,  recruited  from  nearby  colleges  and  universities. 
Served  as  subjects  (Ss)  in  this  experiment.  Each  S was  Lesti'd  i mli  vidual  1 y in 
one  of  the  24  possible  orders  for  four  different  stimulus  sets.  Similarly, 
eai  h set  w.as  presented  according  to  the  oiaier  randomly  assigned  to  one  of 
four  Separate  sessions:  pr.rctice,  baselinC]^,  alcohol,  and  baseline2. 

Subjects  were  asked  to  get  a normal  night's  sleep,  and  to  refrain  from 
taking  such  stim\ilants  as  coffee  or  coke  at  least  four  hovirs  prior  to  each 
session.  In  aildition,  Ss  were  recjiiired  not  to  eat  during  the  four  hours  prior 
to  taking  .il<ohr)l.  An  alcohol  dosi?  of  1.056  g/kg  (95%  ethanol)  was  mixed  in 
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a 1:4  ratio  with  ginger  ale.  This  mixture  was  divided  into  three  drinks 
which  ^ consumed  in  a 30-minute  period. 

Blood  alcohol  concentrations  (RAC)  were  measured  every  ten  minutes  with 
a Stephenson  Model  900  Breathalyzer.  Peak  RAC  averaged  108  mg%. 

The  stimuli  for  both  tasks  were  randomly  drawn  from  the  frequency 
categories  described  above  with  the  following  restrictions:  (1)  equal  numbers 

of  words  were  drawn  from  each  of  the  five  WF  categories  and  (2)  each  WF  category 
contained  an  equal  number  of  one  and  two  syllable  words.  The  auditory  words 
were  recorded  on  audio  tape  (Scotch  //206)  and  prc^sented  to  the  subject  at  a 
rate  of  one  word  every  7.5  sec.  The  onset  of  each  stimulus  word  triggered  a 
voice  key  which  started  a millisecond  timer  with  a triggering  accuracy  of  ^ 3 msec 
The  onset  of  the  subject's  response  tlien  triggered  the  same  voice  key  to  turn  off 
the  timer.  Each  visual  stimulus  was  rear-projected  on  a 3"  x 5"  screen.  Four 
warning  lights  surrounding  the  projected  area  were  illuminated  for  1.25  secs 
prior  to  each  slide  presentation.  When  the  warning  lights  switched  off,  the  slide 
was  projected  (Kodak  Fktagraphic  Projector  with  Grass  Model  PS22  Strobe  Light 
Sotirce)  and  the  RT  counter  started.  The  s vocal  response  triggered  the  voice 
key  and  turned  off  the  RT  cc>unter. 

Each  session  consisted  of  4 blocks  of  25  visual  words  and  16  blocks  of 
10  auditory  words.  Half  of  the  ^s  received  visual  stimuli  first  on  all  four 
sessions  w’  be  remaining  ^s  received  auditory  stimuli  first. 

Sr'  wore  instructed  to  respond  as  quickly  and  accurately  as  possible. 

To  moti-  one  penalty  point  was  administered  for  each  half-second  of  RT 

and  an  .al  ten  points  were  added  for  each  erroneous  response  (including 

uninte  ie  sounds).  A financial  bonus  was  paid  to  the  S_  with  lowest  penalty 

score  on  each  session. 

Figure  1 shows  that  alcohol  increased  reaction  time  in  the  Word-Reading 
task  by  33  msec,  but  had  almost  no  effect  on  the  speed  of  Word-Shadowing.  The 
task  by  alcohol  interaction  ('ffect  was  significant  (p  < .05).  Thus,  the  shadowing 
task,  which  is  perhaps  an  analog  of  tlie  I,ight-Key  task  in  tlie  visual  RT  Ifti'r.ature 
was  not  sensitive  to  alcohol. 

Figure  2 shows  that  WF  affected  both  tasks.  High-frequency  auditory  words 
wc^re  shadowed  51  msec  faster  (p^  < .01)  than  words  from  the  lowest  frequency  cate- 
gory. One  implication  of  this  finding  is  that  WF,  like  , probably  influences 
process!  tig  components  in  addition  to  translation  operations. 

H i gh- f reipieney  V i sua  1 1 y p resent  ed  words  were  reail  84  msec  faster  than 
rare  visual  words,  ;ind  the  task  by  WF  interaction  effect  was  just  short  of 
significance  at  the  0.05  level.  There  was  no  trend  toward  a triple  interaction 
between  the  effects  of  alcohol,  WF  and  task  (F  < 1), 


The  additive  relation 


between  the  effects  of  alcohol  and  WF  suggests  that  the  two  treatments  were 


influr-ncing  separate  processing  stages  in  the  tasks, 
which  St  agi-s  m.iy  be  d i f f e rent  i a 1 1 y involved. 


but  the  d.ita  do  not  sugjgest 


B.  Exjieriment  2:  Residing  vs.  Picture  N.aming. 

Experiment  2 v.aried  the  load  on  componr-nt  proiesses  involved  in  c.atc- 
gorizat  ion  anti  st  i mtil  us  ■ rt'sponse  translation,  but  at  a higher  level  of  cogn  i t ive 
tliffitulty  fh.in  Expe  r i im-nt  1.  Subjects  were  presiuit  ed  on  .alternate  trial  blocks 
with  pictorial  and  word  stimuli  .again  .sc“lt‘cted  from  Tborml  ike-Lorge  word  li.sts 
such  that  the  words  varied  with  respect  to  their  probability  of  occurrence  in 
English  text.  The  subject's  t.ask  was  to  name  each  picture  and  read  each  word 
as  r.apidly  as  possible,  while  .a  voice  ley  and  .assoc  i .at  ed  electronics  recorded  R'i  . 
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The  h\ird-Re,i(liiig  task  vias  the  same  in  all  essentials  as  that  desrrihed 
in  fhe  first  experiment.  Tt  will  he  recalled  that  both  alcohol  and  WF  caijsed 
slowing  on  that  task  although  their  effects  did  not  interact.  Pi ct nro-Nami ng 
imist  contain  a complex  series  of  component  processes.  The  subject  must  see  the 
picture,  encode  it  visually,  categorize  it,  nam'*  it,  select  the  correct  verbal 
motor  program,  and  I'espond.  Note  also  that  the  naming  operation  requires  the 
subject  to  interrogate  his  memory,  a re<pi  i remi-nt  that  is  at  least  minimized  in 
the  Word-Reading  task. 

Studies  by  others  indicate  that  Picture-Naming  is  strongly  affected 
by  WF  (Oldfield  and  Wingfield,  1965)  and  by  alcohol  (Moskowitz  and  Roth,  1971). 
Moreover,  the  alcohol  effect  was  greatest  with  1 ow-probabi M ty  stimuli.  The 
results  of  those  studies  would  be  confirmed  by  a strong  WF  oy  alcohol  interaction 
effect.  Compared  to  Word-Reading,  Picture-Naming  places  high  load  on  cognitive 
operations  associated  with  translation,  categorization  and  retrieval  from  memory, 
ilnis,  we  should  anticipate  a substantial  three-way  interaction  between  the  effects 
of  task,  alcohol  and  WF. 

Twenty-four  young  males,  recruited  from  nearby  colleges  and  universities, 
served  as  subjects  in  tills  experiment.  Each  S was  tested  individually  in  one 
of  the  24  possible  orders  for  four  different  stimulus  sets.  Each  tt  was  presented 
according  to  the  order  randomly  assigned  in  one  of  four  separate  sessions: 
practice,  baselinej^,  alcohol,  and  baseline2-  The  first  three  ses'  ions  were  on 
consecutive  days  at  the  time  of  day  for  each  Baseline2  followed  the  alcohol 

sc’ssion  by  48  iiours.  Management  of  subjects  and  alcohol  dosage  were  cne  same  as 
in  the  first  experiment. 

Tlic  st  imuli  consisted  of  440  items,  divided  equally  into  five  word 
frequency  grouiiings  after  Moskowitz  and  Roth  (1971).  Tlic  word  frequency  cate- 
gories from  li  i gh  to  low  were  (1)  100  or  more,  (2)  99-50,  (3)  49-11,  (4)  10-1-0, 
and  (5)  0. 9-0.1  word  occurrences  per  million  words  of  written  text.  Only  one- 
or  two-syllable  nouns  with  high  imagery  (i.e.,  capable  of  being  readily  identified 
from  an  outline  drawing  by  eight  pilot  Ss)  and  having  few  synonyms  were  selected. 
Five  practice  words  and  five  practice  pictures  began  each  sc'ssion.  The  experimental 
Stimuli  which  followed  consisted  of  five  blocks  of  10  words  and  five  blocks  tif 
10  pictures  arranged  in  a balanced  design.  Two  items  from  each  word  frequency 
grouping  were  randomly  assigned  to  each  block. 

Each  St  imulus  (a  35  mm  slide)  was  rear-projected  on  a 3"  x 5"  screen. 

The  subject.  Seated  about  30"  in  front  of  the  screen,  saw  the  projected  stimuli 
without  niedi?ig  to  make  l.ugt^  scanning  inovimcnts  with  his  lyes.  Four  warning 
lights  surrounding  the  projected  area  were  illuminated  for  1.25  sec  prior  to 
each  slide  presentat  ion.  Wlien  the  lights  switched  off,  the  slide  was  projected 
•and  the  KT  counti’r  started.  The  subject's  vocal  respons(>s  trig,g<'red  a voice  key, 
and  after  .a  const. ant  delay  of  14  msec,  turned  t>ff  the  KT  co\inler.  .An  intertrial 
interval  of  10  sec  separ.ated  slides. 

Instructions  to  the  S concerning  accuracy  and  sp’ed,  as  well  as  the 
penalty  points  .and  financial  r(wards,  were  the  same  as  for  the  first  experiment. 

Figure  3 illustrates  that  WF  again  significantly  affected  (p  < .001)  the 
time  rtquired  to  re.ad  words  .and  th.at  a log.arithmic  funct  ion  .ideipi.a  t e 1 y des>  ribi-s 
this  relationship.  Overall,  high  frequency  wor<is  were  r>ad  98.9  msec  f.ister  th.an 
rare  words.  In  .iddit  ion,  .alcohol  slowed  RT  by  .an  over.all  53  msec  (p  < .001), 
but  this  i I'lp.a  i rmeii  t w.a.s  not  a funct  ion  of  WF.  Thu.s,  .ag.ain  in  a task  with  moder.ato 
tr.uislation  requi  riMiii'iit  s,  .al  lohol  , .as  predicted,  c.aused  overall  slowing,  h\it  this 
effect  w.as  additive  with  th.at  of  WF. 

Figure  4 shows  th.at  ■;pec<i  of  pict>ir(‘  n.aming  is  also  a log.arithmic  funct  ion 
of  WF.  Subjei  Is  required  .an  aver.agf'  oi  848  msec  mor('  t iiue  to  n.ame  rare  piituiu'S 
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than  to  name  eoiranon  ones  (p  < .001).  Tn  a<l:lition,  alcohol  slowed  RT  over 
the  five  word  frequency  categories  by  an  overall  175  msec  (£  < .001).  As 
anticipated  the  size  of  the  alcohol  effect  was  a function  of  WF.  Alcohol 
increased  RT  to  low  frequency  stimuli  by  3^0  msec  more  than  to  common  stimuli 

(p  < .01). 

TTie  overall  RT  difference  for  pictures  drawn  from  low-  and  hi  gh-f  reipiency 
word  categories  was  about  750  msec  more  than  the  RT  difference  for  reading  low- 
and  high-frequency  words  (p  < .001).  Finally,  the  three-way  interaction  between 
task,  WF  and  alcohol  was  significant. 

Tn  summary,  the  results  of  those  studies  are  consistent  with  the  view 
that  word  frequency,  like  N^,  influences  all  of  the  component  processes  of 
choice  reaction  time.  Furthermore,  as  with  Ny^,  the  effects  of  WF  increase  with 
increasing  load  on  such  central  processes  as  categorization  and  stimulus-to- 
response  translation.  Alcohol  had  no  effect  on  verbal  RT  in  an  auditory 
shadowing  task  ^or  which  translation  operations  were  minimized.  Alcohol  did 
slow  performance  on  the  Word-Reading  task  which  does  contain  a visual  to  verbal 
translation  requirement.  However,  the  anticipated  interaction  between  the  effects 
of  WF  and  alcohol  did  not  occur.  Interaction  between  these  two  treatments  occurred 
only  at  the  level  of  Picture-Naming. 

These  findings  confirm  the  results  of  earlier  studies  by  Oldfield  and 
Wingfield  (1965),  and  Moskowltz  and  Roth  (1971).  Furthermore,  they  confirm 
Huntley's  (1974)  finding  that  the  size  of  the  interaction  between  the  effects 
of  alcohol  .and  stimulus  probability  dej  ends  on  the  load  placed  on  other  processes 
such  .as  stimulus-response  translation. 

Unfortunately,  however,  the  Picture-Naming  t.ask  is  so  complex  that  no 
convincing  argument  could  be  made  concerning  the  prob.able  locus  of  alcohol  effects 
on  information  proce.sslng. 

The  data  from  these  studies  are  consistent  with  the  conclusions  of 
Moskowitz  (1  973)  that  alcohol  appears  to  influence  a 1 imi  ted-c.ap.ac  i ty  mech.anism. 

The  d.it.a  sur.iinar  i zed  above,  together  with  the  findings  of  fh.arp  et  al  . (1974)  .and 

Huntley  (1974),  specifically  imply  that  alcohol  Impairs  "response  selection"  or 
"t  r.ans  1 at  i on" . Alcohol  impaired  RT  in  every  low-compatibility  condition  tested: 

(1)  with  unfamiliar  s t imul us- response  pairings,  (2)  with  spatially  incompatible 
responses  (Robinson  & Peebles,  1974),  and  (3)  with  high  transl.ation  load.  Since 
St  imul  tis-re:;pf'nse  compatibility  influc-nces  the  "t  r.aiisl  .at  i on"  or  "response  seliution 
proi  <‘ss  (S  t (•  I nbe ; g , 1969;  Smith,  1961;  Teiclmer  & Krebs,  1 974),  the  patti^rns  of 
int  eract  if)n  between  alcohol  and  this  v.ari.able  suggest  that  the  drug  affects  this 
stage. 


II.  Studies  Foc\ised  on  Memorial  Processes 

During  the  p.ast  several  years  our  investigations  of  the  effects  of  .alcohol 
on  hiim.an  perform.ance  .and  cognitive  functioning  have  included  a number  of  experi- 
ments fociising  on  memory.  To  some  extent,  these  studies  have  i jicorpor.at  ed 
mc-i:io I i .a  1 (qier.al  ions  (e.g.,  memory  .scanning)  within  the  bro.ader  context  of 
itiform.al  ion  proci  ;;-.ing.  At  the  same  t imo,  however,  we  have  dc-veloped  an 
independent  line  of  rese.ti<h  with  the  prim.uy  emph.isis  on  niemorial  processes. 

For  the  most  part,  this  groiq)  of  studies  h.is  utilized  v.ari.ations  of  the  free 
recall  p.ar.adigin  In  an  attempe  to  isol.ite  those  mechanisms  of  memory  vulnerable 
to  alcohol  i nt  ox  i c.i  t i i>n . 

The  luiieiit  state  of  i-\p«' r i ment .)  1 work  drsaling  with  .alcohol  and  n\emory 
is  such  lh.it  little  of  wh.it  is  Inown  c.in  be  rel.ated  to  gener.al  theories  of 
memory.  The  m.ajority  of  published  studies  crutering  on  the  effc’cts  of  .alcohol 
on  hur..in  memory  .ire  enpiric.al  or  "t  ask-.speci  f i c"  in  mature  (e.g.,  Carpruiti  r & 


Ross,  1965;  Knlin,  1964;  Storm  & Csird,  1967).  Since  little  work  lins  been 
c.irried  out  within  a theoretical  framework,  t lie  knowledge  obtained  is  often 
difficult  to  generalize  to  other  tasks  and  other  experimental  situations. 

Perhaps  more  importantly,  such  studies  yield  little  information  that  is 
useful  for  the  general  understanding  of  human  memory. 

Tn  the  hope  of  c i rcumvent i ng  some  of  the  shortcomings  of  earlier 
atheoretical  studies,  we  began  a series  of  studies  within  the  framework  of 
one  of  the  major  classes  of  models  of  human  memory:  "storage  models"  (after 
Glanzer,  1972).  Storage  models  of  one  type  or  another  have  been  described 
by  the  following  investigators:  Anderson  (1972),  Atkinson  and  Rhiffrin  (1965, 

1968,  1971),  Bower  (1967a, b),  Broadhent  (1969,  1970,  1971),  Glanzer  (1972), 

Kintsch  (1970),  haughery  (1969),  Norman  (1968,  1969),  Norman  and  Rumelhart 
(1970),  Shiffrin  and  Atkinson  (1969),  Waugh  and  Norman  (1965),  and  Wickelgren 
(1970).  The  primary  distinguishing  feature  of  this  class  of  models  is  the 
characterization  of  human  memory  as  consisting  of  multiple,  functionally 
discrete  memory  stores.  Tn  general,  these  models  arrange  memory  stores  in  a 
sequential  organization,  and  information  is  transferred  from  one  store  to 
another.  The  memory  stores  in  storage  models  are  assumed  to  vary  with  regard 
to  storage  capacity,  read-in/read-out  rates,  mechanisms  of  address,  and  the 
time  constants  associated  with  forgetting  (Murdock,  1974). 

The  evidence  for  multiple  storage  mechanism  comes  from  a broad  series 
of  studies  extending  over  the  past  decade  or  so  and  including  both  normal  and 
braindamaged  subjects  (see,  for  <-xample,  Anderson  and  Rower,  1972;  Atkinson 
and  Shiffrin,  1968;  Raddeley  and  Warrington,  1970;  Broadhent,  1958,  1968; 

Gt-rmak  and  Rutters,  1 973;  Craik,  1968,  1970;  Drachman  and  Arhit,  1966;  filanzer 
and  Gunitz,  1966;  Murdock,  1967,  Norman,  1968;  Sperling,  1963,  1967;  Waugh 
and  Norman,  1965).  As  one  might  imagine,  within  the  class  of  storage  models 
tlu're  is  a good  deal  of  disagreement  regarding  the  precise  nature  (and  number) 
of  the  postulated  memory  stores.  Nevertheless,  it  is  possible  to  specify  what 
might  he  considi-red  a "niodal"  storage  model  (see  also,  Murdoi'k,  1967).  Such  a 
irifulel  might  include  three  dist  inct  meinory  ston  s:  (1)  a ju  rceptual  or  sensory 

store,  (2)  a short-term  store,  SI’S,  (primary  memory),  and  (3)  a long-term  store, 

I,TS,  (secondary  memory).  Generally  input  to  tlu‘se  stores  is  considered  to  he 
Sc  pien t i a 1 . 

The  perceptual  store  (Sperling,  1960)  is  a very  short-term  buffer  memory 
which  tei-eives  incoming  sensory  information  for  suhscipiint  n ad  <rut  into  STS. 

Short  -ti'tm  store  can  he  conci'pt  ual  i zed  as  a limited  capai  ity  hut  for  storage 
systcfin  which  may  hold  information  for  various  typi'S  of  processing  (i.e.,  an 
operating  regist<“r)  or  for  transfer  to  1,TS.  W1ieri-as  i n for:;iat  i on  is  lost  from 
the  perceptual  store  by  decay  (maximum  storage  time  250  msc-c),  information 
is  lost  from  SI'S  by  d i s pi  acemeirt  (Raymond,  1969;  Shiffrin,  1970;  Re  i t man , 1971). 

I’st  inates  of  tin?  capai  ity  of  STS  range  from  two  or  three  items  (Glanzc-r,  irersonal 
communication;  Murdock,  1972),  up  to  five  or  seven  items  (Atkinson  & Shilfrin, 

1968;  Anderson  4 Bc)w<*r,  19/2).  Trrformat  ion  is  transferred  to  l.l'S  from  STS, 
although  the  transfer  does  trot  imply  a loss  of  informat  ion  f t inn  STS.  In  recall, 
irrformat  ion  in  SI'S  is  diri-clly  accessible,  where.ts  l.i'S  informat  ion  must  he  htnught 
into  the  STS  huffi-r  for  emi.'.sion  or  .■■uhsequeiit  p r i'c<  ss  i ng . (Ulnlhi’r  l,TS  i tr  f i' niiat  i on 
is  cllrc'illy  aci-er.sihle  from  the  standi>oiiit  ol  SIS  is  a major  source  of  disagrec- 
tiK'n  t . ) Stor.igo  in  h'l'S  is  usually  considered  to  he*  pc  r in.nnirt  , at  least  once 
consolidat  ion  is  complete.  Forg,etling  may  oi  i ur  as  the  result  of  failure  to  store 
in  I.TS  or  failure  of  the  rcMrieval  jirocess.  Failure  to  store  an  STS  item  in  1-TS 
could  h(!  caused  by  an  impaitnient  of  the’  coniarlidat  ion  I'rocess  or  by  some  load 
(e.g.,  spec'd)  on  the  STS-to-hTS  transfer  proia-ss. 
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The  At k i iison-Shi f f rln  version  of  the  storage  model  postulates  an  LTS 
retrieval  process  consisting  of  search,  retrieval,  decision,  and  response 
operations  for  recall  from  a self-addressing  LTS.  Thus,  an  hTS  location  is 
interrogated  and  an  Item  is  retrieved  (entered  in  SI'S).  Wlille  the  item  is  in 
STS,  a comparison  is  made  between  the  item  and  the  recall  stimnliis.  A 
probabilistic  process  governs  the  decision  to  emit  the  item  or  continue  the 
search.  Forgetting  could  result  from  a number  of  possible  sources;  altlujugh, 
the  most  sensitive  operations  are  probably  involved  in  (1)  finding  the  proper 
locations  to  interrogate  and  (2)  the  decision  process.  The  I.TS  interrogation 
process,  for  example,  would  be  greatly  hindered  if  items  were  not  well  organized, 
enccnied,  or  tagged.  In  other  words,  if  I.TS  is  primarily  a self-addressing 
store,  and  if  the  initial  search  of  likely  "locations"  is  a cilrected  operation, 
then  the  better  the  target  item  is  catalogued,  the  more  efficient  the  initial 
search  process  (i.e.,  the  greater  the  probability  that  the  initial  location 
interrogated  will  contain  the  target  item).  If  the  target  item  is  retrieved 
on  the  initial  memory  interrogation,  then  the  chance  of  beta  error  is  reduced, 
as  is  the  probability  of  deciding  to  terminate  a "lutile"  search.  Thus, 
inadequate  encoding,  tagging,  or  organization  of  to-be-remembered  items  may 
lead  to  reduced  correct  recall  scores,  increased  errors  of  commission,  and 
slowed  emission  of  responsts. 

A.  Past  Reseajch  within  the  i^Uiragc_  Model . 

During  the  past  two  years,  we  have  completed  three  experiments  examining 
the  effc'cts  of  acute  altadiol  intoxication  within  the  storage  model.  The  first 
two  experiments  employed  the  standard  free  recall  paradigm  with  lists  of 
English  nouns.  The  third  experiment  of  the  series  involved  a free  recall 
learning  task.  I’hese  experiments  were  directed  towards  the  isolation  of  the 
effect  of  alcohol  (1)  within  specific  memory  stores  (viz.,  STS,  I.TS),  and 
(2)  to  specific  operations  associ.ated  with  the  stores  (e.g.,  STS-to-I.TS 
t r.iiisf  <’r) . The  several  task  variables  utilized  in  these  experiments  pro(hiced 
reculls  consistent  with  the  findings  of  other  investigators  (Dallet,  1964; 
fllanzer,  196D,  (llanzer  & Cunitz,  1966;  C.lanzer,  Gianutsos  & Dubin,  1969; 

Glatizer  & Scbwirtz,  1971;  Murdock,  1962;  Phillips,  Shiffrin  & Atkinson,  1 967  ; 
Posner  & Rorsman,  1965;  Postman  & Phillips,  1965;  Puff,  1966;  Raymond,  1969; 
R.-itman,  1971;  Shiffrin,  1971;  etc.).  In  I'ach  (experiment  the  alcohol  effect 
(BAG  - 90-100  mg  percent)  on  overall  recall  was  highly  reliable  (p  < .001). 
However,  in  none  of  the  experiments  was  it  possible  to  isolate  the  alcohol 
impairment  to  a single  store.  The  expected  interactions  which  would  permit 
the  acceptance  of  a localized  effect  were  consistently  small  (F2,60  = 0.5; 
p2  '32  ~ 0.7;  and  F2  f,Q  - 0.2).  Moreov(‘r,  estimates  of  the  effect  of  alcohol 
intoxi(.it  ion  (ui  recall  frtwn  STS  were  made  using  three  diffeianit  methods  of 
cal«ulat  ing  SI'S.  In  each  case  there  was  some  evidence  for  rejecting  the  null 
hypothesis  (t-jQ  = 1.85,  p < .10;  17  “ 4.26,  p < .10;  tjg  - 1.25,  p < .01; 

t35  - 1.93,  p < .10).  ’ 

For  the  first  two  expt'r  iments,  involving  the  (single  trial)  free  recall 
paradigm,  task  vari.ibles  wore  employed  to  load  the  STS  to-l.TS  t ransfer  opera- 
tion .and  to  clear  list  i t (‘ms  from  SI'S.  Neither  variable  responded  d i f f e ri-n  t i a 1 1 y 
to  the  two  levels  of  the  alcohol  v.iriable.  A third  task  variable,  list  length 
(12  or  18  worris),  did  interact  with  the  alcohol  vaTiable  such  that  the  intoxi- 
cated subjects  were  pa  rt  i ( 11 1 a r 1 y iiiipaired  for  the  long(*r  lists.  Of  the  several 
possible  interpretations  of  the  .ilcohol  x list  length  interact  ion,  one  of  the 
niost  attractive  was  that  al(ohol  h.id  impaired  the  degree  of  organization  ('f 
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items  In  l.TS.  An  organi znt ional  impairment  might  be  expected  to  interfere 
with  retrieval  by  making  the  location  of  the  proper  memory  addresses  more 
diffic'ilt  (see  above).  Under  such  conditions  one  would  expect  decreased 
recall  (confirmed),  increased  errors  of  commission  (partially  confirmed), 
and  increased  latency  of  response  (untested). 

The  tliird  experiment  of  the  series  .attacked  one  form  of  the  organiza- 
tional hypothesis  by  varying  the  strength  of  associational  linkages  in  a 
st.indard  free  recall  learning  paradigm  and  measuring  the  amount  recalled, 
subjective  organization  (Tulving,  1962),  stability  of  recall  from  trial  to 
trial,  and  sequential  organization  of  recall  (cf.,  Bousfield  & Bousfield, 

1966).  Briefly,  the  results  of  this  experiment  indicated  that  intoxicated 
subjects  were  impaired  in  the  use  of  associative  linkages,  especially  when 
the  .associative  values  were  low.  In  addition,  there  was  evidence  from  the 
stability  of  recall  measure  that  the  accessibility  of  items  stored  in  LTS 
was  impaired  by  alcohol  and  that  the  Impairment  was  independent  of  the 
.associative  strength  variable.  This  finding  suggested  that  the  intoxicated 
subjects  may  h.ave  been  experiencing  retri^al  difficulties  in  addition  to 
the  effects  of  LTS  o rgan i zat ional  or  associative  disruptions. 

B.  Recent  Research. 

In  brief,  three  |vrevious  studies  in  our  laboratory  had  indicated  a 
strong  effect  of  alcohol  intoxication  on  recall  of  words  from  long-term 
stor.ige.  Data  from  these  experiments  also  suggested  an  alcohol  effect  on 
recall  from  short-term  storage;  although,  this  impairment  may  be  somewhat 
less  substantial  than  the  LTS  effect.  Some  tentative  alternative  hypotheses, 
derived  from  the  initial  studies  were  as  follows: 

1.  Alcohol  impairs  recall  by  interfering  with  the  retrieval  procc'ss 
(e.g.  , the  scanning  operation  may  be  imp.iired). 

2.  The  intoxic.ated  individual  tends  to  encode  items  at  It'vels  less 
effective  for  retrieval  (l.e.,  at  acoustic  rather  than  semantic 
1 evel s) . 

3.  Alcohol  imiiairs  the  individual's  ability  to  effectively  organize 
items  in  memory.  The  organizational  il(>ficit  m.iy  lU'cnr  during  storage, 
or  during  retrieval,  or  both. 

To  test  some  of  thfrsc  notions,  a fourth  study  in  the  series  was  subse- 
quently proposed  to  Investigate  the  effects  of  .a  moderate  dose  of  alcohol 
(BAG  t:  100  mg  percent)  (1)  under  varying  levels  of  retrit-val  load,  (2)  on 
lev'els  of  eiieoiiing,  and  (3)  on  or  g.an  i za  t i on  of  to-be-remembered  items  in  memoiy. 
Upon  roti.pl  I’l  i on  of  the  experiment  (/<A  subjects),  the  data  was  analyzed  with  the 
results  reported  bi-low. 

C.  Risults  and  Discussion. 

1.  MeitKiry  of  15  word  lists  of  Knglish  ncuins.  Following  presentation 
of  each  list,  Ss  pi'rforined  writtiui  free  retail  ( i rr.med  i .a  t e free  recall)  followed 
by  .a  rt'cognition  task.  Since  recognition  t .asks  are  generally  presumed  to  t'liminate 
iiieirujry  sc.anning  opt.-rat  ions , the  comp.aiison  of  .alcohttl  eff<*rts  on  rec.all  .and 
recognition  ta.sVs  permit  inferr-rices  reg.arding  the  effect  of  .alcohol  on  tin'  scanning 
.••'.pect  t)f  retrirv.al.  After  all  10  lists  h.ad  been  piesent(*d,  Ss  perfotmed  .a  final 
free  rec.all  task  in  which  they  .attempted  to  rec.all  .all  150  words. 
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a.  Immod i ate  Free  Recall.  A1 coluil  produced  a reliable  (p  < .001) 
decrement  in  recall  (approximately  18%).  The  .serial  position  curves  for  both 
alcohol  and  placebo  conditions  were  of  the  typical  U shape  (see  Figure  5);  and 
the  F-ratio  for  serial  position  was  highly  significant  (£  < .001).  However, 

the  interaction  betwec-n  aliobol  condition  and  serial  position  was  not  significant 
(F^  7^  = 1.13),  and  the  simple  main  effect  of  drug  was  significant  for  the  final 
three  list  positions  (p  < .05).  These  results  confirmed  previous  studies  in  our 
laboratory,  and  they  imply  that  alcohol  impairs  the  recall  of  items  in  both  long- 
and  short-term  storage. 

b.  Reco£jiltion  Task.  Tlie  15  original  list  Items  were  presented 
along  with  30  distractors.  The  subject  circled  a number  from  1 to  6 to  indicate 
bis  degree  of  confidence  that  each  item  was  or  was  not  a member  of  the  previously 
presented  list.  For  both  sober  and  Intoxicated  subjects,  nearly  twice  as  many 
items  wore  correctly  identified  in  the  recognition  task  as  were  recalled  in  the 
immediate  free  recall  task.  However,  alcohol  reliably  (£  < .001)  reduced  the 
number  of  correct  recognitions.  The  intoxicated  subject  tended  to  commit  fewer 
false  recognitions  (false  alarms),  although  this  result  was  not  quite  significant 
at  the  .05  level.  There  was  no  significant  difference  between  the  amount  of 
alcohol-related  decrement  in  the  immediate  free  recall  task  and  the  recognition 
task.  This  was  true  whether  decrement  was  calculated  on  the  basis  of  number  of 
words  (t  = 1.03)  or  on  proportional  change  (^  = .48).  Thus,  there  was  no 
indication  that  the  retrieval  operation  of  scanning  was  the  target  of  the  alcohol 
effect.  Tlie  signal  detection  statistics,  d'  and  8 were  calculated  for  both 
alcohol  and  placc'bo  conditions  of  the  recognition  task.  The  d'  estimates  were 
lower  in  the  alcohol  condition,  again  indicating  a reduced  ability  to  identify 
list  items  (p  < .021,  sign  test).  A significantly  high  8 statistic  for  the 
alcohol  condition  (p  < .006,  sign  test)  indicated  that  when  intoxicated,  our 
subjects  were  more  "cautious",  i.e.,  less  willing  to  idi-ntify  recognition  items 

as  being  list  itc-ms.  Conversely,  once  committed  to  a response,  our  subjects  tended 
to  have  a higher  degree  of  confidence  in  their  responses  when  intoxicated  tlian 
when  sober  (t^g  = 2.07,  p < .10).  Indeed,  the  degree  of  confidence  was  signifi- 
cantly higher  in  the  alcohol  condition  (p  < .05)  for  each  of  three  response 
categories:  hits,  correct  rejections  and  misses.  Only  for  false  alarms  were 

intoxicated  svibjects  less  confident  than  sober  subjects.  Howi'ver,  this  latter 
trend  was  not  st at  i st i ca 1 1 y significant  (tjg  - 1.22). 

c.  immediate  Recogni t ioji . The  possibility  remained  that  the 
delayed  recognition  task  failed  to  show  a disproportionate  improvement  over 
immediate  free  recall  perff)rmance  in  the  alcoliol  condition  because  recognition 
followeci  recall.  i'herefcjrc*,  t wen  t y-t  h rc'e  additional  subjects  pi/rfonnc'il  the 
recognition  task  Immediately  after  list  prc'sent  at  i on  without  inleiveiiing 

free  recall.  The  impairment  in  immediate  correct  recognitions  by  the  alcohol 
group  (-15%)  was  similar  to  that  found  with  rc’cognition  following  free  recall. 
However,  with  independent  groujis  and  smaller  sample  si/c'S,  the  alcohol  effect 
did  not  reach  statistical  significance  witli  the  p.aiametric  test  (l^  = 1.67). 

'wlii  n the-  numher  of  coirect  recognitions  in  the  imimdiate  recognit  ion  task  was 
comparecl  witli  those  in  t hc=!  dc'layed  recognition  task,  tlu're  was  no  significant 
difference  for  alcohol  (t  = 1.04)  or  placebo  (t  = .95)  conditions.  Tims,  the 
rejc'cticjn  of  the  first  hypothesis  (i.e.,  that  alcohol  interferes  with  the  memory 
scariiilng  aspect  of  retrieval)  was  s I t eti);t  lu-nc-d  . 
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d.  Final  Free  Rp_ralJ_,  Alroliol  reduced  tlio  number  of  words 
correctly  recalled  (£  < .001)  and  Increased  the  number  of  errors  of  commission 
(p  < . 05) . 

Serial  position  curves  for  alcohol  and  placebo  conditions  were 
constructed  by  combining  across  lists  (see  Figure  6).  Both  curves  display 
the  typical  negative  recency  effect.  As  shown  in  the  figure,  alcohol  signifi- 
cantly lowered  recall  at  final  free  recall  (p  < .001),  and  produced  greater 
recall  impairment  for  final  free  recall  than  for  immediate  free  recall 
(p  < .001).  This  finding  suggests  a possible  effect  of  alcohol  on  consolidation. 

A second  set  of  curves  was  constructed  by  calcul.ating  the  mean 
recall  for  list  and  arranging  the  lists  in  order  of  presentation.  These  data  are 
displayed  in  Figure  7.  Main  effects  were  significant  for  drvig  (F|  = 5A.3, 

£ < .001)  and  serial  position  (Fg  = 13.3,  p < .001),  as  was  the  drug  by 
serial  position  interaction  (Fg  = 3.91,  £ < .001).  Differences  between  the 
curves  were  significant  at  the  .01  level  or  better  (F  tests)  for  the  following 
serial  positions:  2,  4,  7,  8,  9,  and  10.  F.xamlnatlon  of  Figure  7 reveals  that 

the  placebo  condition's  advantage  over  alcohol  steadily  Increases  from  positions 
6 to  10.  An  hypothesis  that  alcohol  interferes  with  consolidation  processes 
would  predict  that  al coho 1-pl acebo  differences  would  be  greatest  for  the  initial 
list  and  least  for  the  final  list.  The  present  data  are  contrary  to  such  an 
interpretation.  However,  we  must  point  out  that  the  interval  separating 
presentation  of  the  initial  list  and  final  free  recall  was  only  about  45  minutes, 
and  the  number  of  words  recalled  by  the  Intoxicated  subjects  was  small  (X  = 10.3 
wor<is).  These  data,  therefore,  do  not  represent  a stringent  test  of  a consolidation 
interf ercnce  hypot  besis. 

2.  Tntra-bi^t  Recognition.  A list  of  80  words  was  presented  at  a 
3-second  rate  to  two  groups  of  22  alcohol  and  placebo  subjects.  As  each  word 
was  presented,  the  subject  respond(Hl  "yes"  or  "no"  according  to  whether  the  word 
bad  previously  appeared  in  the  list.  Ten  of  the  80  words  were  repeated  once. 

The  list  also  contained  10  pairs  each  of  synonyms,  high  frequency  associates  and 
homonyms.  This  task  was  designed  to  test  the  second  hypothesis:  that  intoxicated 

^s , like  patients  with  Korsakoff  syndrome,  tend  to  encode  material  at  less 
efficient  levels  (Cermak  4 Butters,  1973).  If  the  intoxicated  subject  were  to 
rncode  at  less  effective  levels,  one  would  expect  a decrease  in  the  hit  rate. 

In  ail<iit  ion,  encoding  at  the  acoustic  level  rather  than  the  semantic  level  would 
produce  a confusion  of  homonyms.  Thus,  the  subject  would  tend  to  make  more 
false  positive  responses  to  the  second  member  of  a pair  of  same-sounding  words 
(e.g.,  "bear"  and  "bare").  bikewise,  encoding  on  an  associative  dimension  would 
1 e.ad  to  more  false  positive  responses  to  high  fre<juency  associates.  Therefore, 
if  tb(-  encoding  hypothesis  wore  correct,  one  would  exjject,  as  a minimum,  fi'wer 
hits  and  more  false  alarms  in  the  alcohol  condition.  Tlie  alcohol  group  did  have 
fewer  correct  identifications  (p  < .05)  but  only  marginally  more  false  alarms 
than  did  placebo  subjects.  However,  since  the  false  alarm  rate  was  very  low  for 
both  groups  (placebo  - 9.3%,  alcohol  = 11.3%),  Ibis  task  may  not  have  provided  a 
sensitive  test.  Among  the  three  types  of  distractor  items,  alcohol  produced  the 
greaf(St  increase  in  false  positives  for  the  liigh  fre(iueni;y  .issof  iates. 

3.  Multi-Trial  Free  Recall  of  Categorized  bists.  Subjects  were  pre.sented 
with  a single  64-word  list  composed  of  4 category  titles  (e.g.,  fish,  vehicles, 
etc.)  and  15  exf.'mplars  from  each  c.itegory.  The  list  was  present  c*d  twice,  each 
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presentation  being  followed  by  free  recall.  Tbe  words  were  arranged  in  random 
order  for  half  the  subjects  and  grouped  by  category  for  tlie  remaining  subjects. 

For  total  recall,  significant  main  effects  were  found  for  drug  (£  < .001), 
trials  (£  < .001),  and  list  arrangf^ment  (p  < .05).  The  titird  hypothesis,  that 
intoxicated  subjects  have  difficulty  organizing  material  in  memory,  leads  to 
tlie  prediction  of  a positive  interaction  between  the  drug  and  tbe  grouping 
variable.  Altliougb  tlie  means  were  in  tbe  predicted  direction,  tbe  interaction 
of  drug  and  list  arrangement  did  not  reach  statistical  significance.  The  trend 
was  for  tlie  blocked  arrangement  to  benefit  tbe  sober  Ss  more  than  tbe  intoxicated 
Ss.  Inter-trlal  repetitions  were  calculated  to  measure  se<j\iential  constancies 
in  recall  from  trial  one  to  trial  two.  This  measure  is  an  indicator  of  subjective 
organization  in  memory  (Bousfield  and  Bousfield,  1966).  Alcohol  decreased 
sequential  organization  (p  < .01),  while  the  blocked  arrangement  led  to  increased 
organization  (p  < .01).  Although  the  rather  striking  interaction  between  drug 
and  list  arrangement  (illustrated  in  Figure  8)  did  not  reach  significance  at  the 
.05  level  (p  < .10),  a posteriori  tests  revealed  a significant  effect  of  list 
arrangement  for  the  placebo  Ss  only  (p  < .01,  Tukey ' s HSD) . Thus  the  data 
support  the  notion  that  both  alcohol  and  the  objective  organization  of  the  list 
affect  the  degree  to  which  items  are  organized  in  memory.  The  Pearson  correlation 
coefficient  between  inter-trial  repetitions  and  total  correct  (immediate)  recall 
•as  .73  (p  < . 001) . 

Stability  of  recall  was  calculated  as  the  proportion  of  items  recalled 
on  Trial  1 that  were  also  recalled  on  Trial  2 and  was  analyzed  to  assess  ^s ' 
difficulty  in  locating  the  appropriate  storage  locations  in  1/fS.  Alcohol 
reliably  reduced  the  stability  of  recall  measure  (p  < .001).  Although  the  effect 
of  the  list  arrangement  variable  was  nonsignificant,  there  was  a significant 
interaction  between  drug  and  list  arrangement  (p  < .01).  Simple  effects  analysis 
revealed  a significant  list  arrangement  effect  on  placebo  Ss  (p_  < .05)  but  only 
a marginal  effect  for  alcohol  Ss  (p_  < .10).  There  was  also  a signific  'iit  overall 
<orrelation  of  stability  of  recall  with  total  recall  (r  = .A9,  p < .01). 

Z-scorf^s  representing  category  clustering  were  calculated  according  to  the 
metlu)d  recommended  by  Frankel  & Cole  (1971).  The  main  effects  of  drug,  trials, 

.ind  list  .arrangement  were  significant  at  the  .001  level  in  the  predicted  directions. 
Although  no  interactions  were  significant,  a posteriori  tests  revealed  increased 
clustering  In  the  blocked  presentation  condition  for  the  placebo  Ss  (HSD  < .01), 
but  the  increase  was  not  reliable  for  the  .alcohol  Ss  (HSD  > .05).  Thus,  tlu-re 
w.as  a strong  trend  for  blocking  to  increase  clustering  in  the  pl.-uabo  S s , but 
the  results  for  the  intoxicated  Ss  were  more  variable.  OvcM'.all,  clustering  scores 

correl.ated  well  with  total  correct  recall  (r  = .78,  p < .001). 

In  suniimary,  the  d.ata  do  not  support  the  hypothesi.s  that  the  memory  scanning 

.ispect  of  the  letricval  process  is  .affiuted  by  alcohol.  Stage  an.alysis  of  the 

piescnt  d.ifa,  .ilong  with  previous  findings  support  the  notion  th.at  alcohol  imp.airs 
recall  f I om  both  STS  and  I.TS.  The  d.ata  were  not  conclusive  with  the  encoding 
Imp.airment  hypothesis.  There  is  .a  bint  that  alcohol  m.ay  .affect  decision  processes 
such  th.at  tbe  intoxicated  Ss  were  applying  a more  stringent  criterion  (higlier 
P st.itistic).  The  d.ata  suj;gest  that,  at  least  in  part,  tbe  recall  deficit  may 
result  from  .an  in.ability  to  i.arry  out  .a  coherent  o r g.an  i za  t i on.a  1 pl.an,  rather  t h.an 
an  in.ability  to  formul.ate  a pl.an.  In  general,  tbe  organ  i /.at  i onal  dat.a  are 
simil.ar  to  our  previous  findings.  The  correl.at  ions  betwiiut  rec.all  .and  the 
organizational  measures  were  reasonably  high,  .and  al  cobol  seems  to  undermine 
this  .as.soci.it  ion.  Ovi'rall  our  studies  h.ave  most  st  rongly  implii'.ated  org.aniz.at  ion 
or  structuring  of  memory  as  a primary  target  for  .alcohol. 
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l^Ioi^cd  Rjiixluin 


List  Ai  r.'i ngiMiKMit 


8.  Int  f-r.ict  ion  of  nlroliol  .'tnd  list  ;u  r.jiii;oiniiit  with  Tntrr-lrial 

j (j)c  I i t i ons  as  the  <l(.pcii<li  iit  variahip.  I.isis  t'lnis  I si  cci  of  four 
rat  f j^oiy  nainrs  aiiH  15  fAf'inplars  of  rarh  ('ati^oiy.  l ists  were 
lirf’sont  C'd  by  <at<;i;oiy  for  the  "BlorV.d"  a i i .inj^cinfut . Tlio  simple 
main  effect  of  alcohol  was  not  r.  i i f irant  for  the  raiulom  arrange - 
liirnt,  nor  was  the  simple  main  effect  of  list  a r ranjjement  for  the 
alcohol  j;ronp. 
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Tbe  sequence  of  stvidies  summarized  above  is  part  of  a longer  series  of 
experimental  probes  into  the  nature  of  memorial  deficit  caused  by  alcohol. 

There  is  no  question  that  alcohol  causes  impaired  verbal  recall.  There  has 
been  a strong  main  effect  of  alcohol  in  each  of  some  ten  experiments.  The 
question  is  "Why?"  There  are  strong  hints  both  in  earlier  experiments  and 
in  the  series  summarized  liere  that  the  deficit  in  long-term  recall  is  due 
to  impairment  of  organi za t i onal-assoc i at ional  systems  in  memory.  For  example, 
the  intoxicated  subject  does  not  spontaneously  cluster  items  by  associat ional 
linkages  as  effectively  as  the  sober  subject.  Moreover,  as  reported  here, 
the  Intoxicated  subject  does  not  make  adequate  use  of  objective  list  structure 
for  organizing  items  in  memory. 

Some  of  the  data  can  also  be  interpreted  as  suggesting  an  impai rmi^nt 
of  some  aspect  of  the  retrieval  process.  If  the  retrieval  process,  indeed, 
consists  of  scanning,  item  retrieval,  and  decision  operations,  our  latest 
study  implies  that  the  scanning  operation  Is  intact  in  intoxicated  subjects. 

Tills  suggestion  is  consistent  with  data  from  one  of  our  previous  experiments 
using  the  Sternberg  memory-search  paradigm.  In  that  study,  too,  there  was  no 
evidence  that  the  search  process  was  affected  by  alcohol.  If  retrieval  processes 
are  vulnerable  to  alcohol,  then  one  might  suppose  that  the  decision  operation 
would  be  the  most  likely  point  for  future  examination.  A decision  operation 
such  as  hypothesized  for  free  recall  tasks  could  be  influenced  Indirectly  by 
several  related  factors.  Among  these  are  (1)  the  quality  of  the  item  retrieved 
(e.g.,  the  level  of  encoding)  and  (2)  the  organizational  and  assoc i at i onal  context 
or  matrix  within  which  the  item  is  stored.  Alcohol  could  directly  influence  the 
decision  process  (1)  by  some  sort  of  general  impairment  or  (2)  by  causing 
a shift  in  the  criterion  for  emitting  a response  or  for  deciding  to  terminate 
the  search.  There  was  a hint  in  the  recognition  task  data  (reported  above)  that 
subjects  set  more  stringent  criteria  for  recognizing  a list  item  when  intoxicated 
than  when  sober.  Perhaps  with  a more  stringent  criterion,  it  is  not  surprising 
that  the  intoxicated  Ss  were  generally  more  confident  of  the  accuracy  of  their 
risponses.  Indeed,  it  is  possible  that  increasing  the  criterion  for  emitting 
a response  might  lead  to  a reduction  in  the  number  of  words  recalled. 

ill.  Studies  Focused  on  Sleep 

fdironic  al<-oho1ism  is  associated  with  marked  disturbance  in  the  physiologic 
sleep  profile  (Johnson  et  al . , 1972;  Tester  et  al  . , 1 973;  Tisster  et  al . , in  press) 
These  disturbances  include  frequent  awakening,  particularly  from  st.age  RKM, 
accelerat  ion  of  the  ultradian  RKM  cycle,  almost  total  absiuice  of  stage  h sleep, 
and  cbangi'S  in  autonomic  levels,  represented  by  increased  rates  of  respiration 
and  of  non  spi.c  i f i c el  ect  rode  rma  1 activity.  Although  these  alterations  persist 
for  at  least  several  weeks  in  sober  alcoholics,  tln^re  is  very  little  information 
on  the  effects  on  disturbed  sleep  of  prolonged  abst  inence.  We  do  not  know  whether 
or  to  what  extent  disturbed  sleep  profiles  eventually  recover,  nor  do  we  know  the 
degree  to  which  age  or  duration  of  heavy  drinking  influence  such  recovery. 

The  amount  of  stage  4 (delta)  sleep  is  diminished  in  both  young  (under 
''•0)  and  older  alioholics,  in  the  sevi  re  depressive  disorders,  .and  with  normal 
.aging.  However,  it  is  not  c('rl.ain  whether  its  .absence  is  due  to  loss  ol  KKG 
amplituile  or  lf)ss  of  the  delta  (0.5  to  4 Hz)  r.ange  of  KKG  f ret]uenc  i es . We 
recently  reported  some  data  showing  that  loss  of  KKG  .amplitude  r.ather  than  of 
delt.a  frequencies  .accounted  for  the  .ibseiice  of  .st.age  4 in  a few  chronic  ,alct>bolics 
but  this  finding  should  be  checked  in  .a  larger  .s.ample  (I. ester  et  al  . , in  press). 
The  issue  has  some  t bc-oiu't  i cal  import.ance  since  the  ueur.al  proc»‘SS('S  that  cont  rol 
KKG  .amplitude  are  probably  different  st  ruct  u r.al  ly  .and  functionally  from  those 
that  contiol  KKG  rhythms. 
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Moderate  doses  of  alcohol  administered  prior  to  sleep  tend  to  potentiate 
delta  sleep  in  young  normal  subjects  (Rundell  et  al . , 1972),  and  in  yoving 
alcoholics  as  well.  However,  in  older  alcoholics,  alcohol  had  no  effect  on 
delta  sleep  (Lester  et  al.,  in  press).  Since  alcohol  can  instate  stage  A 
in  the  young  alcoholic,  one  surmises  that  in  these  patients  the  physiological 
mech.'inisms  for  delta  sleep  are  still  intact.  However,  we  do  not  know  whether 
the  failure  of  alcohol  to  stimulate  stage  4 in  older  alcoholics  is  really 
specific  to  chronic  alcoholism  or  is  associated  simply  with  normal  aging. 

This  year  we  undertook  studios  to  examine  those  issues. 

Six  normal  volunteers  with  histories  of  very  moderate  social  drinking 
(ages  47-63)  were  studied  for  four  consecutive  nights  in  the  sleep  laboratory. 
After  one  adaptation  and  two  baseline  nights,  Ss  were  given  drinks  consisting 
of  95%  (thyl  alcohol  mixed  with  ginger  ale.  With  doses  of  1.06  g/kg,  BACs 
ranged  from  90  to  110  mg%.  Three  of  the  Ss  had  some  difficulty  tolerating 
this  dose.  Physiological  measures  Included  continuous  EEC  recordings  from 
symmetrical  C/j/Aj  and  C3/A2  placements,  submental  electromyogram  from  bipolar 
placements  under  the  chin,  left  and  right  electrooculograms,  GSR  from  palmar 
surface  of  middle  finger  right-hand,  heart  rate  with  a lead  II  EKG  placement 
and  respiration  from  a strain  gauge  around  the  solar  plexus.  Data  analysis 
thus  far  completed  on  four  of  these  subjects  suggest  that  on  the  average  they 
have  very  little  delta  sleep,  no  more  than  age-matched  chronic  alcoholics. 

Each  of  them,  however,  showed  a small  increase  in  delta  sleep  during  the  alcohol 
night.  TlTose  trends  indicate  that  the  mechanisms  for  Induction  of  delta  sleep 
may  be  relatively  intact  in  normal  subjects  up  to  advanced  middle  age.  Thus, 
the  failure  of  alcohol  to  potentiate  delta  sleep  in  the  older  chronic  alcoholic 
•nay  he  related  specifically  to  alcoholism. 

A second  experiment  was  undertaken  to  determine  whether  physiologic 
sleep  ptrofiles  remain  ahnormal  in  former  alcoholics,  totally  abstinent  for 
at  least  two  years.  Eight  volunteers,  all  suect'ssful  members  of  A. A.  have 
heen  run.  Tliree  of  these  subjects  arc  under  40  and  the  remaining  five  are  all 
over  50  ye.ais  old.  An.alyses,  thus  far,  suggest  tliat  these  subjects  have  I EG 
profiles  compatible  with  those  of  normal  subjects  matched  on  age.  These 
preliminary  results,  if  sustained,  confinn  the  findings  of  Adamson  and  Burdick 
(1973). 
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